Camellia seed oil has mainly been applied to the production of cosmetics, and research into its dietary effects is required. Alterations in lipid metabolism by the intake of camellia seed oil were investigated. Health parameters such as diet intake, weight gain, fat mass, and plasma cholesterol and triglyceride levels were measured in mice fed a high fat diet containing camellia seed oil; comparisons were made to a normal diet and a high fat diet containing either soybean oil or olive oil as controls. No significant differences in weight gain and diet intake were observed between the groups. However, the camellia seed oil diet suppressed epididymal fat weight similarly to the olive oil diet. In total cholesterol and HDL (high density lipoprotein) cholesterol levels, the soybean oil, olive oil and camellia seed oil diet groups showed significant increases compared with the normal diet. However, increases in LDL (low density lipoprotein) cholesterol levels were inhibited by the camellia seed oil diet similarly to the olive oil diet. As the high oleic acid content of camellia seed oil is similar to that of olive oil, it is proposed that its presence mitigated fat accumulation and plasma cholesterol levels.
The seed oil of Camellia japonica L. (Theaceae) has traditionally been used for a variety of purposes including as a food component. However, because only small amounts of the oil are obtained, it is of high value. There are a number of research reports dealing with camellia seed oil. Su et al. investigated its chemical composition [1] , and Noh et al. reported on the stereospecific positional distribution of its fatty acids [2] . Salinero et al. employed 1 Hnuclear magnetic resonance spectroscopy in the analysis of camellia seed oil [3] . Akihisa et al. investigated several triterpenoids from camellia seed oil [4] , and Miura et al. studied its effect on the inhibition of spontaneous metastasis [5] . Kim et al. reported on the anti-inflammatory activity of C. japonica seed oil [6] , and Jung et al. recorded its effect on procollagen production and skin barrier function [7] . Camellia seed oil is attracting increasing attention, as indicated by the above mentioned research, into its components and various actions. Recently, camellia seed oil has been employed in the production of cosmetics such as hair conditioners and treatments. On the other hand, the application of camellia seed oil as a food component is anticipated as a result of advances in cultivation techniques and refining technology [8] .
In this study, the effect of camellia seed oil intake on lipid metabolism in mice was investigated with the aim of clarifying its applicability as a dietary component.
Five-week-old male ICR mice were allowed free access to a high fat diet containing 16% camellia seed oil for 36 days, and the effects of intake on lipid metabolism were assessed in comparison with the normal, soybean oil, and olive oil diets.
No significant differences were observed in either the diet intake or weight gain of the groups (Figure 1 A, B ). However, the epididymal fat weight of the soybean diet group increased significantly (P <0.05) compared with the normal diet group (Figure 1 C) . This indicates that the camellia seed oil diet inhibited the increase in fat deposition similarly to the olive oil diet.
Plasma cholesterol and triglyceride levels in mice were then analyzed. Plasma total triglyceride level did not change significantly the soybean oil diet group increased significantly (P <0.05) compared with the normal diet (Figure 2 B ). This indicates that the camellia seed oil diet inhibited LDL cholesterol similarly to that observed with the olive oil diet.
It was reported that olive oil was able to suppress fat accumulation to a greater extent than a common vegetable oil [9] . Oleic acid has been proposed as one of the main reasons for this effect; the inhibitory effect of oleic acid on fat accumulation has been reported previously [10, 11] . It was recently reported that the intake of minced beef high in oleic acid resulted in increased HDL cholesterol level in 27 free-living normocholesterolemic men [10] . Additionally, it was reported that the intake of high-oleic rapeseed and flaxseed oils decreased LDL cholesterol levels and total LDL cholesterol levels in thirty-six hypercholesterolemic subjects [11] . Because the camellia seed oil (oleic acid content: 85%) possessed an oleic acid content equivalent to that of olive oil (oleic acid content: 75.7%) in these investigations, this result indicates its inhibitory effect on epididymal fat accumulation and LDL cholesterol level increases.
On the other hand, while no significant differences were observed in diet intake over the 36 days, the intake of camellia seed oil diet tended to increase compared with the soybean oil and olive oil diets (Figure 1 A) . It is thought that a further inhibition of fat accumulation and plasma cholesterol levels would be expected when the absorption of dietary camellia seed oil is equivalent to normal dietary fat levels. Moreover, the tendency of increased camellia seed oil dietary intake indicated that mice showed a high preference for the diet. Camellia seed oil represents a novel vegetable oil that can be applied as a food component. Moreover, further research focusing on the dietary functionality and applicability of camellia seed oil is anticipated.
Experimental
Oils: Camellia seed oil from C. japonica was obtained from Oshimatsubaki Co., Ltd (Tokyo, Japan). Soybean and olive oils were purchased from Wako Pure Chemical Industries, Ltd. (Osaka, Japan). Gas chromatographic fatty acid analysis was conducted at the facilities of Japan Food Research Laboratories (Tokyo, Japan) ( Table 1 ). The fatty acid composition of oils was analyzed using the modified method of AOCS Ce 1b-89 [12] . Samples were saponified using a methanol solution containing 0.5 mol/L sodium hydroxide, and subjected to methyl esterification using a boron tri-fluoridemethanol complex solution. The product was separated by n-hexane and a saturated salt solution.
The fatty acid methyl esters thus formed were eluted with n-hexane and subjected to gas chromatographic (GC) analysis using a GC-1700 with flame ionization detector (Shimadzu Corporation, Kyoto, Japan) and a DB-23 capillary column (30 m x 0.25 mm i.d., 0.25 m film). GC conditions were as follows: carrier gas, helium (99.99995%, 1.5 mL/min); splitless mode; inlet line temperature, 250°C; source temperature, 250°C. The initial column temperature was 50°C, which was held for 1 min, then increased from 50 to 170°C at 10°C/min, and from 170 to 210°C at 1.2°C/min. Effect of camellia seed oil intake on lipid metabolism Natural Product Communications Vol. 11 (4) 2016 513
was used as the normal diet. This was comprised of 8.5% moisture, 17.7% crude protein, 3.8% crude fat, 4.5% crude fiber, 6.1% crude ash, 59.4% nitrogen free extract, 342.7 kcal/100 g energy, 24.9 kg/cm 2 hardness, 0.99 g/100 g calcium, and 0.94 g/100 g phosphorous, Animals and experimental procedure: Five-week-old male ICR mice (CLEA Japan, Inc.), approx. 30 g each at the beginning of the experiments, were used. The mice were housed at 24 ± 2°C under a 12 h light/dark cycle. The mice were randomly divided into 4 groups of 5-6 mice each, and allowed free access to water and the diets. Each group was fed one of the following diets for 36 days: normal, soybean oil, olive oil, and camellia seed oil diets ( Table 2 ) [13] . Food intake and body weight of mice were measured twice per week. On the day after the last feeding, mice were anesthetized with 0.3 mg/kg (i.p.) medetomidine hydrochloride (Nippon Zenyaku Kogyo Co., Ltd., Fukushima, Japan), 4.0 mg/kg (i.p.) midazolam (Astellas Pharma Inc., Tokyo, Japan), and 5.0 mg/kg (i.p.) butorphanol tartrate (Meiji Seika Pharma Co., Ltd., Tokyo, Japan), and blood samples were collected from the fundus oculi into tubes containing EDTA (0.1%). Mice were sacrificed by decapitation and epididymal fat weight was determined. All experiments were conducted in accordance with the guidelines regarding the care of experimental animals of the Animal Research Committee at Toho University.
Measurement of plasma cholesterol and triglyceride levels:
Plasma was separated by centrifugation at 800 g and 4°C for 15 min. The obtained plasma was analyzed by gel filtration HPLC (Skylight Biotech, Inc., Akita, Japan). In brief, the analytical HPLC conditions were as follows [14, 15] . Serum lipoproteins were separated using a SkylightPakLP1-AA gel permeation column (300 mm × 4.6 mm i.d., Skylight Biotech Inc., Akita, Japan) at a buffer flow rate of 0.24 mL/min. Cholesterol and triglyceride levels were detected by on-line enzymatic reaction through the mixing of the effluent from the column with a commercial kit (LipoSEARCH®, TOYOBO CO., LTD., Osaka, Japan). Reagent was continuously pumped at a flow rate of 0.12 mL/min. The absorbance at 550 nm was continuously monitored after the enzymatic reaction at 37°C in a reactor coil (PTFE, 1/16 x 0.18 mm I.D., 25 mL) [15] . Samples of 10 L were injected into the HPLC.
Statistical analysis:
Results are expressed as the means ± standard error (SE) (n = 5-6). All results were analyzed using one-way ANOVA, and then analyzed by Tukey-Kramer multiple comparison test using the statistical package R (http://www.r-project.org/). Differences at P <0.05 were considered significant. The effect size and power for the model were calculated using the program G*Power 3 [16, 17] .
